Clinical and laboratory information on 250 patients, selected ei ther because of anemia or because of suspicion of a disorder in iron metabolism, were reviewed. Serum iron, total iron-binding capacity and serum ferritin were measured in all subjects. Approximately a third of the patients were excluded from further analysis because the underlying disorder wa� poorly defined or complicated by additional disease. The patients were placed in a number of cate gories.
MATERIALS AND METHODS
Clinical and laboratory information on 250 patients, selected ei ther because of anemia or because of suspicion of a disorder in iron metabolism, were reviewed. Serum iron, total iron-binding capacity and serum ferritin were measured in all subjects. Approximately a third of the patients were excluded from further analysis because the underlying disorder wa� poorly defined or complicated by additional disease. The patients were placed in a number of cate gories.
Uncomplicated iron deficienq was considered present when the trans ferrin saturation was less than 16 per cent, when total iron-binding capacity was greater than 400 µg per 1 0 0 ml and when there was no clinical or laboratory evidence of inflammation or liver disease. The 32 patients in this category had a mean hematocrit• of 31 ± 5 per cent ( ± 1 S. D.), a serum iron of 37 ± 11 µ,g per 10 0 ml, a total iron binding capacity of 4 79 ± 73 µ,g per 100 ml and a transferrin satura tion of 8 ± 3 per cent. 290:1213-1216, 1974) Iron ol!erload included 20 patients with transfusional sidernsis as de fined by a history of more than 20 transfusions without commensu rate blood loss, and three patients with idiopathic hemochromatosis confirmed by liver biopsy who had not yet entered a phlebotomy program. The remaining clinical categories were selected without re gard to iron status.
/njlammation was identified on the basis of clinical symptoms of sev eral days' duration and one or more of the following factors: Wester gren erythrocyte sedimentation rate greater than 40 mm per hour, white-cell count over 10,000 in the absence of a blood dyscrasia and a temperature higher than 37. 5°C for at least 48 hours. The 39 pa tients in this category had a mean hematocrit of 30 ± 4 per cent, a white-cell count of 10.8 ± 5 X 10", an erythrocyte sedimentation rate of 99 ± 36 mm per hour, a serum iron of 38 ± 11 µ.g per I 00 ml, a total iron-binding capacity of 2 27 ± 81 µg per 1 0 0 ml and a trans ferrin saturation of 18 ± 5 per cent.
Liver disease was diagnosed on the basis of clinical and laboratory evidence of primary liver dysfunction. All the 37 patients had a serum bilirubin higher than 1 . 2 mg per 10 0 ml and a serum alkaline phosphatase greater than 100 King-Armstrong U per milliliter. Al coholism was considered to be the cause of the liver disease in 29 pa tients, all of whom were anemic. The mean hematologic values in this group were as follows: hematocrit, 30 ± 4 per cent; serum iron, 10 8 ± 57 µ.g per 10 0 ml; total iron-binding capacity, 209 ± 61 µg per I 00 ml; and transferrin saturation, 55 ± 3 2 per cent. The remaining eight patients had acute viral hepatitis, and only one of these was anemic. The hematologic values in this group were as follows: hema tocrit, 43 ± 3 per cent; serum iron, 186 ± 57 µ.g per 10 0 ml; to tal iron-binding capacity, 318 ± 45 µ,g per 100 ml; and transferrin saturation, 6 2 ± 26 per cent. An additional nine patients had com bined evidence of liver dysfunction and an independent inflamma tory process. These patients had a mean hematocrit of 29 ± 5 per cent, serum iron of 102 ± 76 µ.g per 10 0 ml, total iron-binding capac ity of 211 ± 56 µg per 100 ml and a transferrin saturation of 46 ± 30 per cent.
Renal disease included patients with a history of chronic renal fail ure, a blood urea nitrogen greater than 40 mg per 10 0 ml and serum creatinine above 2 mg per 10 0 ml. Patients with an associated in flammatory process were excluded. The 15 in this category had a mean hematocrit of 21 ± 7 per cent, serum iron of90 ± 51 µ.g per JOO ml, total iron-binding capacity of 270 ± 66 µ,g per 100 ml and a transferrin saturation of 32 ± 17 per cent.
Anemia with increased red-cell turnover included 15 patients, seven with ineffective erythropoiesis as evidenced by a hyperplastic bone In a total of87 patients a bone-marrow aspiration was performed, and iron stores were graded by two separate observers as absent, de creased, moderate and increased. "Decreased" corresponded to the average stores of adult females, whereas "moderate" corresponded to the average stores found in normal males.
Serum ferritin was estimated by means of a "two-site" immunora diometric assay, the details of which have been described elsewhere."
The serum ferritin concentration among normal subjects was nor mally distributed on a logarithmic scale." Accordingly, the statistical analysis of ferritin has been performed on logarithms. In normal subjects the geometric mean is 59, with a 95 per cent confidence range of 12 to 300 ng per milliliter.• Student's t-test was used to de termine statistical significance. 
RESULTS
The effect of alteration in body iron balance on the serum ferritin was first examined (Fig. 1) . In 32 pa tients with uncomplicated iron deficiency, the mean Elevation of the serum ferritin above normal was commonly observed in anemic states. Among 192 pa tients with anemia from causes other than iron defi ciency, the mean serum ferritin was 180 ng per millili ter, and 43 per cent of these patients had ferritin levels above the upper normal limit of 300 ng per milliliter.
The most frequent cause of anemia in these patients was inflammation, which was examined in more detail.
In 39 patients with inflammation, the mean serum fer ritin was 305, with a range of 10 to 1650 ng per millili ter. There was no apparent relation between serum fer ritin level and the duration, severity or type of inflam matory process.
Increases in serum ferritin were found in the pres ence of liver disease. In 37 patients, the mean serum fer In nine additional patients who had both liver dys function and an inflammatory process, the mean serum ferritin was 801 ng per milliliter, with a range of 304 to 1417.
In an attempt to explain the wide range of serum fer ritin levels observed in inflammation and liver disease, the influence of iron stores in these patients was exam ined. Iron deficiency was present in four patients with inflammation and in seven with liver disease. As shown in Figure 1 , the serum ferritin levels in these patients were distinctly lower than in the group as a whole. A more detailed evaluation of iron stores was made in 75 patients who had a bone-marrow aspiration for evalu ation of iron stores (Table l ) however, values in patients with inflammation and liver disease were significantly higher than in the con trol group (p<0.05), except the group with liver dis ease, who had decreased stainable iron (only two pa- 1631 (1201-2077) tients). No significant differences were observed at any level of marrow iron between patients with inflamma tion and those with liver disease, except for increased marrow iron, with which ferritin levels in liver disease were significantly higher than with inflammation (p<0.01).
In patients with increased red-cell turnover, serum ferritin levels also appeared disproportionately in creased in relation to bone-marrow hemosiderin. In a composite group of 15 patients, the mean serum ferri In chronic renal disease, the serum ferritin level ap peared consistent with iron stores. In nine patients, the mean serum ferritin level was 32, with a range of 5 to 352 ng per milliliter. In an additional six patients, an elevation in serum ferritin to between 625 and 2900 ng per milliliter could be explained by the prior adminis tration of iron; two of these patients had received nine and 13 transfusions, whereas four others had received iron dextran parenterally in doses ranging from 0.5 to 3.0 g of iron.
Correlations between serum ferritin and various hematologic and other laboratory measurements re vealed a consistently high correlation only with the total iron-binding capacity. Within the various clinical disorders, the highest correlation between that index and serum ferritin was observed in patients with ane mia and inflammation (r = -0.76, p<0.001) (Fig. 2) .
When mean values of total iron-binding capacity and serum ferri tin in the various clinical disorders were plotted, no disparities in this relation were observed (Fig. 2) . 
